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Abstract 
L-galactono-1, 4-lactone dehydrogenase (GLDH) is an important enzyme that catalyzes the last step of the ascorbate 
biosynthetic pathways in plants. A full-length cDNA clone encoding GLDH was isolated from potato (Solanum 
tuberosum L. ‘Favorita’ ) leaf and subcloned into a binary vector, pBI121, to construct sense and antisense recombinant 
plant expression vectors. The recombinants were introduced into potato via Agrobacterium-mediated transformation, and 
plants were confirmed as transgenic using PCR and quantitative real-time PCR. Two anti-sense potato lines (G1 and G2) 
and three sense lines (G3, G4 and G5) were obtained. The GLDH activity of G4 and G5 were increased in vivo. Moreover, 
the ascorbic acid (AsA) and dehydroascorbate (DHA) contents were up-regulated in both leaves and tubers. However, the 
shoots of G1 were suppressed and its leaves were deformed. Additionally, the AsA contents in G1 leaves and tubers 
decreased by 28.8% and 10.3%, respectively. The GLDH activity in leaves treated with L-galactono-1,4- lactone (L-GalL) 
increased in all lines, as did the AsA and DHA contents. These results indicate that GLDH activity plays an important role 
in regulating the AsA level as well as the growth and development of potato plants. 
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1. Introduction 
Ascorbic acid (AsA), usually called vitamin C, is the most 
abundant water-soluble antioxidant (Mittler et al., 2004) and is 
crucial to human health because humans cannot synthesize AsA. 
AsA-rich foods are increasingly popular, and AsA is even 
added to some foods as a nutritional fortifier. Therefore, the 
AsA content is an important nutritional quality index for 
agricultural products (Du et al., 2012), with the consumer 
preferring natural AsA in foods. As a result, new crop varieties  
 
 
and germplasm rich in AsA are major plant breeding targets. 
The L-galactose pathway is the major biosynthetic pathway of 
ascorbate in plants (Lorence et al., 2004). L-galactono-1,4- 
lactone dehydrogenase (GLDH, EC1.3.2.3) is an important 
enzyme that catalyzes the last step of the ascorbate biosynthetic 
pathway, and it has a high specificity for L-galactono-1,4- 
lactone (L-GalL) (Oba et al., 1995; Imai et al., 1998). The 
transcriptional level of GLDH in tobacco BY-2 cell was 
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positively correlated with the AsA content (Tabata et al., 2002), 
and GLDH activity has been significantly correlated to AsA 
content (Ahn et al., 1999; De Pinto et al., 2000; Li et al., 2009). 
GLDH activity increased by 400% in tobacco BY-2 GLDH 
overexpressing cells, while the AsA content increased by only 
60% (Tokunaga et al., 2005). The GLDH activity decreased 
nearly 80% in silenced transgenic tomato lines, while the AsA 
content decreased slightly (Alhagdow et al., 2007). The 
overexpression of GLDH increased levels of chlorophyll and 
Rubisco protein, as well as the net photosynthesis rate (Liu et al., 
2011). The AsA content in leaves of GLDH-suppressed rice 
lines were lower than the content in wild type (WT) plant leaves, 
resulting in a significantly reduced tiller number, lower growth 
rate and plant height (Liu et al., 2013). Moderate progress has 
been achieved in increasing the AsA contents of many plant 
species through GLDH overexpression (Qin et al., 2011; Bulley 
et al., 2012). However, there is currently no detailed functional 
analysis of GLDH in potato.  
Potato is the fourth largest crop in the world, and it plays 
an important role in human nutrition and global food safety. The 
AsA content, which is low in most kinds of cereals, is high in 
potato. Thus, in many countries, potato is an important human 
dietary AsA source because of high daily consumption. The 
GLDH gene was studied previously by Dong et al. (2013). In 
the present study, sense and antisense GLDH recombinant 
expression vectors were constructed and introduced into potato 
via Agrobacterium-mediated transformation. These transgenic 
plants were confirmed by polymerase chain reaction (PCR) and 
quantitative real-time PCR. The AsA content was increased by 
GLDH overexpression in sense lines (G3 and G4) and decreased 
in an antisense line (G1). The results provide useful information 
for elucidating the role of GLDH in AsA biosynthesis in potato. 
2. Materials and methods 
2.1. Plant materials and plant growth conditions 
In vitro plantlets from sliced potato tubers (Solanum 
tuberosum L. ‘Favorita’ ) were propagated on solid Murashige 
and Skoog (1962) medium with 0.8% agar and 3% sucrose, and 
cultured in a growth chamber at 24/20℃  with 50%–60% 
relative humidity (RH) and a 16/8 h light period with a light 
intensity of 50 µmol · m-2 · s-1. The in vitro plant heights and 
stem diameters were measured after 28 days of cultivation. Then, 
the 4-week-old rooted plantlets were transplanted into a 
greenhouse at (24 ± 2) ℃/(18 ± 2) ℃ with 50%–60% RH and 
a 11/13 h photoperiod under natural light conditions. The fourth 
leaves from the apices of the 6-week-old plants and tubers were 
collected. All collected samples were immediately frozen in 
liquid nitrogen and stored at–80 ℃.  
 
2.2. Construction of plant expression vector and 
Agrobacterium strain 
A potato GLDH cDNA fragment, including the open 
reading frame (ORF), was isolated to construct sense expression 
plant vector. Primer for PCR amplification was F: 5'-CACCTTG 
TTCAAATGCTCCGTTCCTTC-3' and R: 5'-TTACACAGCC 
TCAGAGGAAGGGAAGAGC-3'. The identified GLDH cDNA 
were digested with XbaⅠ and SalⅠ, and blunted with T4 DNA 
polymerase. Then the cDNA were subcloned into the binary 
vector pBI121 with the selection marker-kanamycin resistance 
gene which codes neomycin phospho-transferaseⅡ (NPTⅡ), 
and driven by the Cauliflower mosaic virus (CaMV) 35S 
promoter with an NOS terminator. Antisense expression plant 
vector was constructed by Dong (2011). The recombinant 
plasmid was transformed into Agrobacterium tumefaciens 
LBA4404 by a freeze-thaw method (Hofgen and Willmitzer, 
1988). Bacteria used for infection of explants were grown in LB 
medium containing kanamycin (50 mg · L-1) and rifampicin (50 
mg · L-1) at 28 ℃ and 200 r · min-1 until the OD600 of the 
suspension reached to 0.8. Then the bacteria were collected by 
centrifugation at 4 000 r · min-1 for 5 min. The pellet was 
resuspended in MS liquid medium supplemented with 3% 
sucrose. 
2.3. Transformation and plant regeneration 
Virus-free potato tubers were used as sources of explants. 
Tubers were cut into 1–2 mm thickness and 1 cm2 discs after 
surface sterilization. The tuber discs were submerged in 20 mL 
bacterial MS suspension for 10 min, then dried on sterile filter 
papers and transferred onto petri dishes with hormone-free MS 
medium. The petri dishes were sealed with parafilm and 
incubated in the dark at 26 ℃ for 2–3 days. The cultures were 
then transferred into MS medium supplemented with kanamycin 
(50 mg · L-1), carbenicillin (250 mg · L-1), indoleacetic acid (1 
mg · L-1), zeatin (4 mg · L-1), 6-benzylaminopurine (1 mg · L-1), 
6-furfuryl amino-purine (0.5 mg · L-1), and incubated at 25 ℃ 
with 16/8 h photoperiod and 50 µmol · m-2 · s-1 light intensity in 
the daytime. Tissues were transferred into a fresh medium every 
15 days. When the height of regenerated shoots reached to 15 
mm, they were excised and transferred on flasks with solid MS 
medium supplemented with 250 mg · L-1 carbenicillin. The 
well-rooted plantlets were identified, and the transgenic 
plantlets were multiplicated in vitro. 
2.4. Identity of transgenic plants and analysis of their 
transcription expression 
Genomic DNA was isolated from 0.1 g young fresh leaves 
of transgenic and wild type plants respectively by the CTAB 
method (Michiels et al., 2003). The PCR amplification was 
carried out using potato GLDH specific primers (F: 5'- ACGCA  
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CAATCCCACTATCCTT-3' and R: 5'-GACCGGCAACAG 
GATTCAAT-3'). The program of amplification reaction was: 94 
℃ for 5 min, followed by 30 cycles (50 s 94 ℃, 50 s 55 ℃, 90 
s 72 ℃) and finally an extension cycle of 10 min at 72 ℃. 
qRT-PCR was used to analysis the GLDH expression. Total 
RNA was isolated using the total RNA isolation system 
(Promega, USA). The single-stranded cDNA was synthesized 
using the AMV reverse transcriptase (TaKaKa, Japan). For 
quantitative real-time PCR, gene specific primers (F: 5'-GCTAT 
TTCGGTATGCTCCGTTG-3', and R: 5'-TGCTTCCTCACATT 
CGCTTCT-3') for GLDH and the reference gene, elongation 
factor 1-alpha (AB061263) (F: 5'-ATTGGAAACGGATATGCT 
CCA-3'; R: 5'-TCCTTACCTGAACGCCTGTCA-3') were chosen 
as controls according to Nicot et al. (2005). Real-time PCR was 
carried out under the following program: 95 ℃ for 3 min; 50 
cycles (10 s 95 ℃, 30 s 60 ℃, 10 s 72 ℃) ; 95 ℃ for 1 min；
55 ℃ for 1 min, 55 ℃ for 30 s, 40 ℃ for 30 s. All primers 
were synthesized by TaKaKa (Japan). qRT-PCR was performed 
using the SYBR PrimeScript RT-PCR Kit (TaKaKa, Japan) and 
the LightCycler 2.0 real-time PCR machine (Roche, Germany). 
All reactions were performed in triplicate. Relative expression 
of mRNA level was calculated by the comparative Ct (2-ΔΔCt) 
method (Bubner and Baldwin, 2004). 
2.5. Analysis of GLDH transcriptional expression  
Genomic DNA was isolated from 0.1 g young fresh leaves 
of transgenic and WT plants using a CTAB method (Michiels et 
al., 2003). PCR amplification was carried out using potato 
GLDH-specific primers (F: 5′-ACGCACAATCCCACTATCC 
TT-3′ and R: 5′-GACCGGCAACAGGATTCAAT-3′). The 
program for the amplification reaction was: 94 ℃ for 5 min, 
followed by 30 cycles of 94 ℃ for 50 s, 55 ℃ for 50 s, and 
72 ℃ for 90 s, and a final extension at 72 ℃ for 10 min.  
qRT-PCR was used to analyze GLDH expression. Total RNA 
was isolated using a total RNA isolation system (Promega, 
USA). The single-stranded cDNA was synthesized using AMV 
reverse transcriptase (TaKaKa, Japan). For qRT-PCR, gene- 
specific primers (F: 5′-GCTATTTCGGTATGCTCCGTTG-3′, 
and R: 5′-TGCTTCCTCACATTCGCTTCT-3′) were used for 
GLDH and the reference gene, elongation factor 1-alpha 
(AB061263) (F: 5′-ATTGGAAACGGATATGCTCCA-3′; R: 
5′-TCCTTACCTGAACGCCTGTCA-3′) was chosen as a 
control based on Nicot et al. (2005). All primers were 
synthesized by TaKaKa. qRT-PCR was performed using a 
SYBR PrimeScript RT-PCR Kit (TaKaKa) and a LightCycler 
2.0 real-time PCR machine (Roche Lightcycler 480; Roche, 
Switzerland). Real-time PCR was carried out using the 
following program: 95 ℃ for 3 min; 50 cycles of 95 ℃ for 
10 s, 60 ℃ for 30 s and 72 ℃ for 10 s; followed by 95 ℃ 
for 1 min; 55 ℃ for 1 min; 55 ℃ for 30 s; and 40 ℃ for  
 
30 s. All reactions were performed in triplicate. The relative 
expression level of mRNA was calculated using the comparative 
Ct (2-ΔΔCt) method (Bubner and Baldwin, 2004). 
2.6. Precursor feeding assay 
Fully expanded leaves from transgenic and WT potato 
plants were used for precursor feeding assays. Leaves were 
placed in 250 mL flasks containing 30 mL deionized water and 
freshly prepared 25 mmol · L-1 L-GalL. They were maintained 
at 25 ℃ under a 16/8 h photoperiod. After 24 h of feeding, 
uniformly grown plants were grouped into threes and samples 
were collected for AsA and DHA assays. 
2.7. Determination of AsA and DHA contents 
Plants were grouped into threes, with the groups 
representing experimental repeats. Leaves or tubers from the 
plants in each group were collected, cut into pieces and then 
mixed. Fresh tissues 0.5 g were packed, then homogenized in 2 
mL of cold 5% (w/v) metaphosphoric acid and centrifuged at 
13 000 r · min-1 for 10 min at 4 ℃. Supernatants were collected 
for assessing AsA and DHA contents． 
The AsA content was measured according to the method of 
Takahama and Oniki (1992). This experiment was performed in 
triplicate.  
2.8. Extraction and determination of GLDH  
Fresh tissues (1 g) from the uniform plant groups were 
homogenized in 5 mL of 100 mmol · L-1 potassium phosphate 
(pH 7.4) containing 400 mmol · L-1 sucrose. The homogenate 
was filtered through gauze, and the filtrate was centrifuged at 
300 r · min-1 for 10 min. The supernatant was collected and 
centrifuged at 10 000 r · min-1 for 20 min. The pellet was 
suspended in 0.2 mL of 100 mmol · L-1 potassium phosphate 
(pH 7.4) containing 400 mmol · L-1 sucrose. All procedures 
were carried out at 4 ℃. This experiment was performed in 
triplicate.  
GLDH activity was assayed according to the method of 
Tabata et al. (2001). This experiment was performed in triplicate. 
2.9. Statistical analysis 
The differences between treatments were analyzed by Least 
Significant Difference (LSD) multiple range tests (P < 0.05) 
using SAS (V9.3, 2013) statistical software. 
3. Results 
3.1. Confirmation of the transgenic potato 
In order to detect the gene expressin level of GLDH in the 
transgenic plants, qRT-PCR was performed. There were 
significant increase in the GLDH expression levels in G3, G4,  
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and G5 leaves, which were ~2.03-, 5.89-, and 9.98-fold higher, 
respectively, than the levels in WT leaves. The GLDH expression 
levels in G1 was reduced by 53.0%, although the expression 
level in G2 leaves were similar to that of WT (Fig. 1, A). 
In tubers, GLDH expression levels in G4 and G5 increased 
by 70.5% and 28.0% over the WT level, while the expression 
levels of GLDH mRNA in G2 and G1 tubers decreased by 90% 
and 92%, respectively (Fig. 1, B). 
Transgenic potato with antisense expression of GLDH, G1 
and G2 exhibited dwarf phenotypes and shorter internodes 
comparing with WT, especially for G1. On the contrary, 
overexpression of GLDH gene in transgenic cumbers G3, G4 
and G5 led to increase in plant height and internode length (Fig. 
2, Table 1). 
 
Table 1  Plant growth of transgenic and wild type potato 
Strains Plant height/cm Node number Internode length/cm 
WT 14.13 b 9.67 b 1.46 b 
G1 8.10 d 9.00 b 0.90 c 
G2 11.58 c 9.75 b 1.19 c 
G3 15.30 ab 9.00 b 1.69 ab 
G4 15.23 ab 9.00 b 1.69 ab 
G5 15.50 ab 8.67 b 1.82 a 
Note: WT. Wild type plants; G1, G2. GLDH antisense lines; G3, G4 and G5. 
GLDH sense lines. Plant height and stem diameter were measured after 28 
days of cultivation. The data represent the mean values ± SD containing 10 
plants. The different letters in a column show significant difference among 
different lines (P < 0.05).
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  Relative expression of GLDH (A) and GLDH activity (B) in leaves and tubers of potato 
WT: Wild type plants; G1, G2: GLDH antisense lines; G3, G4 and G5: Sense lines. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2  Phenotypic comparison between transgenic and wild type potato plants 
WT: Wild type plants; G1, G2: GLDH antisense lines; G3, G4 and G5: Sense lines. 
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3.2. GLDH activities in transgenic lines 
In G4 and G5, the GLDH activity levels increased by 35.6% 
and 15.5%, respectively, in leaves and by 13.6% and 4.8%, 
respectively, in tubers compared with the levels in WT. Conversely, 
the GLDH activity in G1 decreased by 27.3% in leaves and 
25.6% in tubers compared with the levels in WT. The GLDH 
activity in G2 and G3 were similar to those of WT (Fig. 1, B).  
The GLDH activity increased in the transgenic lines and 
WT after feeding leaves L-GalL (Fig. 3).  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3  GLDH activity in L-GalL-fed leaves of potato 
WT: Wild type plants; G1, G2: GLDH antisense lines; 
G3, G4 and G5: Sense lines. 
 
 
 
The GLDH activities of the G1, G3, and WT lines increased 
by 94.6%, 77.1%, and 56.32%, respectively, compared with 
water-fed leaves. By contrast, the GLDH activities of the G2, 
G4, and G5 lines increased by 37.5%, 21.6%, and 12.4%, 
respectively. The GLDH activity levels in the sense lines (G3, 
G4, and G5) were higher than those in WT, while the GLDH 
activity levels in the antisense lines (G1 and G2) were lower 
than those in WT by 35.3% and 19.9%, respectively (Fig. 3). 
3.3. AsA and DHA contents in transgenic lines 
The AsA contents in the sense lines (G4 and G5) increased 
by 47.2% and 13.1% in leaves, respectively, and 10.3% and 
6.9%, respectively, in tubers compared with the WT contents. 
The AsA contents in antisense lines (G1 and G2) decreased by 
28.8% and 10.5%, respectively, in leaves, and 14.9% and 5.7%, 
respectively, in tubers (Fig. 4, A). The DHA contents also 
significantly increased in the G4 and G5 lines by 19.7% and 
11.9%, respectively, in leaves, and 9.1% and 9.0%, respectively, 
in tubers, whereas the DHA content in G1 significantly 
decreased by 8.6% and 12.9% in leaves and tubers, respectively. 
In the other transgenic lines, the DHA contents were similar to 
those of WT (Fig. 4, B). Thus, total ascorbate (AsA + DHA) 
content in G4 and G5 were significantly increased by 21.4% and 
9.3%, respectively, in leaves, and 12.0% and 8.6%, respectively, 
in tubers, whereas the AsA content in the anti-sense line G1 was 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4  AsA(A), DHA(B), AsA + DHA(C) content and ratio of AsA/DHA(D) in transgenic potato leaves and tubers 
WT: Wild type plants; G1, G2: GLDH antisense lines; G3, G4 and G5: Sense lines.
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reduced by 10.1% and 13.4% in leaves and tubers, respectively, 
which was significantly different from WT. The other two lines 
showed similar but smaller changes compared with WT (Fig. 4, 
C). 
The AsA/DHA ratio, a valuable indicator of the available 
AsA level, was higher in sense lines (G4 and G5) than in WT 
and the antisense transgenic lines, but there was no significant 
difference in leaves and tubers among the lines, except G1 when 
compared with WT (Fig. 4, D).  
3.4. AsA and DHA levels in transgenic potato leaves 
fed L-GalL 
The AsA and DHA levels in leaves treated with L-GalL 
were significantly enhanced in all lines, as were the total 
ascorbate (AsA + DHA) levels. The increases in the AsA and 
DHA levels in sense lines were lower than those in anti-sense 
lines and WT. After feeding, the AsA content increased 4.6-, 
4.9-, and 5.2-fold in the anti-sense lines G1 and G2, and WT, 
respectively, and 1.4-, 1.6-, and 1.7-fold in the sense lines G3, 
G4, and G5, respectively (Fig. 5, A). The DHA and AsA + DHA 
contents increased ~2-fold among the different lines (Fig. 5, B, 
C). The AsA/DHA ratio increased in antisense lines (G1 and G2) 
and decreased in sense lines (G3, G4, and G5) (Fig. 5, D). These 
results indicated that a feedback inhibition may exist in the 
accumulation of AsA. 
4. Discussion 
Potato may be a main source of AsA in the global food diet 
in the future. Significant progress has been made in improving 
the nutritional quality of potatoes as well as disease resistance, 
including resistance against fungal pathogens (Ali and Reddy, 
2000), viruses (Arif et al., 2009; Cerovska et al., 2010; 
Ambarwati et al., 2013) and pests (Arpaia et al., 2000), as well 
as abiotic stress tolerance (Eltelib et al., 2012; Liu et al., 2013), 
through genetic engineering and molecular biology approaches.  
The L-galactose pathway is the major biosynthetic pathway 
of AsA in plants, and various studies have confirmed that 
GLDH plays a crucial role in AsA synthesis (Tabata et al., 2001; 
Tokunaga et al., 2005; Alhagdow et al., 2007). The expression 
of GLDH was closely related to GLDH activity and AsA levels 
in different plants (Tabata et al., 2001; Pateraki et al., 2004; Shi 
et al., 2012). GLDH activity levels, and AsA and DHA contents 
in the leaves and tubers of two sense-transgenic lines (G4 and 
G5) overexpressing GLDH were all higher than those of WT, 
and the opposite results occurred in anti-sense line G1. Thus, the 
AsA and AsA + DHA levels were consistent with GLDH 
expression and GLDH activity. These results were consistent 
with previous reports in Rosa roxburghii (An, 2005) and 
tobacco (Tabata et al., 2002). However, GLDH expression was 
not in constant proportion to GLDH activity nor the AsA content 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5  AsA (A), DHA (B), AsA + DHA (C) content and ratio of AsA/ DHA (D) in transgenic potato leaves fed with L-GalL 
WT: Wild type plants; G1, G2: GLDH antisense lines; G3, G4 and G5: Sense lines. 
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among different transgenic potato lines. This indicates that the 
GLDH mRNA expression level and GLDH activity had 
important but not definitive effects on the AsA level. The AsA 
levels in the tubers among the different lines were more stable 
than those in the leaves. The DHA content in leaves was higher 
than that in tubers, which may be due to AsA acting as an 
anti-oxidant involved in the scavenging of reactive oxygen 
species generated under normal or stress conditions. 
GLDH exists in all plant organs. Usually, higher 
transcription levels can be detected in photosynthetic organs 
with higher AsA contents (Tamaoki et al., 2003; Pateraki et al., 
2004). Light affects AsA-related gene expression more severely 
in leaves than in the ripening fruit of tomato, so 7 days of 
shading strongly decreased the total AsA content in leaves (50%) 
and, to a lesser extent, the content in fruits (10%) (Massot et al., 
2012). In the present study, the GLDH mRNA expression level 
in tubers was lower than that in leaves, which was reflected in 
the GLDH activity and total AsA content. However, the AsA 
content was higher in tubers than in leaves, which was 
negatively related to the GLDH mRNA expression level and 
GLDH activity. Our results were consistent with previous 
studies in potato (Tedone et al., 2004) and cherry tomato 
(Alhagdow et al., 2007). 
The long-distance transport of AsA from source leaves to 
sink tissues through phloem occurs in Arabidopsis thaliana, 
Medicago sativa, Impatiens walleriana (Franceschi and Tarlyn, 
2002) and potato (Tedone et al., 2004). The importance of AsA 
transport from leaves for AsA synthesis in tomato fruit was 
suggested by Gautier et al. (2009). AsA in potato tubers has 
three sources: 1) AsA is synthesized in situ in the tuber, without 
light effects (Tedone et al., 2004); 2) AsA is transported from 
the leaf source via phloem; and 3) AsA is regenerated from 
MDHA and DHA directly by the action of monodehydro- 
ascorbate reductase (MDHAR) and dehydroascorbate reductase 
(DHAR), respectively. Multiple AsA sources in tubers provide 
the varied differences in in situ synthesis. Therefore, the AsA 
content of leaves varied greatly among different transgenic lines 
and WT lines, but the AsA content of tubers had smaller 
differences. What causes a continuous absorption and 
accumulation of AsA in tubers needs further study.  
According to previous reports, supplying L-GalL to source 
leaves resulted in a relatively large accumulation of AsA 
(Hancock et al., 2003; Tedone et al., 2004). Incubation of 
tobacco leaf discs in a GalL solution led to a 2- to 3-fold 
increase in AsA content in both L-galactonolactone 
dehydrogenase-overexpressing tobacco and WT plants (Imai et 
al., 2009). Exogenous L-GalL increased the AsA content in pear 
fruits compared with samples treated with sucrose (Huang et al., 
2013). Mieda et al. (2004) found that spinach L-galactono- 
lactone dehydrogenase was competitively inhibited by the  
 
end-product AsA, suggesting an equilibrium-type feedback 
regulation for AsA synthesis. In our study, the GLDH activities 
in leaves fed L-GalL increased in all lines, as did the AsA, DHA, 
and AsA + DHA levels, which indicated that L-GalL can 
enhance the levels of AsA and DHA. However, the effect of 
increasing substrate concentrations on AsA levels was not 
always positive. A relative higher AsA level will feedback to 
inhibit GLDH activity (Pallanca and Smirnoff, 2000; Nishikawa 
et al., 2005), resulting in a relatively smaller enhancement in the 
AsA levels of sense transgenic potato plants than those of 
antisense and WT plants. 
In conclusion, the antisense inhibition of GLDH inhibited 
plant growth and produced deformed leaves, while transgenic 
lines expressing sense-GLDH were more robust than WT lines. 
The overexpression of GLDH increased GLDH activity, and 
AsA and DHA contents in both the leaves and tubers of potato, 
and the opposite results occurred in antisense lines. The AsA 
content in potato was positively related to the GLDH 
transcriptional level, and it varied more greatly in leaves than in 
tubers among different lines. These results indicate that GLDH 
expression and GLDH activity play important roles in regulating 
the AsA level. Our results may provide a new direction for 
potato germplasm innovation.  
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